VOL. 12, No. 4 


The 


APRIL, 1935 


AMERICAN JOURNAL 


of 


PTOMETR 


CAREL C. KOCH 


E. B. ALExaNnpDER, Duncan, Okla. 
J. Frep Anpreak, Baltimore, Md. 

J. O. Baxter, Sr., New Bern, N. C. 
L. L. Beacner, New York, N. Y. 
0. E. Bett, Fairmount, W. Va. 
Rost. T. Best, Fairmont, Minn. 

W. I. Brown, New Bedford, Mass. 
J.T. Washington, N.C. 
R. G. Corserc, Aberdeen, S. D. 
Greeley, Cole. 

H. C. Doane, Boston, Mass. 

J. H. DraKxerorp, New York, N. Y. 


G. L. DuPiessts, Minneapolis, Minn. 


T. H. Eames, W. Somerville, Mass. 


W. S. Farmer, Oklahoma City, Okla. 


Wa. Fernstoom, New York, N. Y. 
L. P. Fotsom, South Royalton, Vt. 
H. L. Forpine, Portland, Ore. 
F. W. Freeman, Anderson, Ind. 
M. Giteert, Owosso, Mich. 
W. H. Grazer, Philadelphia, Pa. 
R. M. Hatt, Cleveland, Ohio 
. H. Hatuaway, Pontiac, Mich. 
K. Haynes, Jamestown, N. Y. 
. E. Hoare, Los Angeles, Calif. 
. T. Horrman, Chicago, III. 


. 


A 


EDITORS 


COLLABORATORS 


H. S. Horton, Cleveland, Ohio 

E. E. Hotartnc, New York, N. Y. 
C. E. Newark, N. J. 
Cuester Jounson, Philadelphia, Pa. 
H. D. Jupp, Detroit, Mich. 

B. E. Kent, St. Louis, Mo. 

L. H. Kraskin, Washington, D. C. 
N. Levin, Chelsea, Mass. 


R. E. Litt.erietp, Kansas City, Mo. 


J. J. Livineston, Little Rock, Ark. 
C. V. Lyons, San Francisco, Calif. 
. A. MacEtres, Jr., Phila., Pa. 

*. L. Mason, Berkicy, Calif. 
. J. Maver, Riverside, Calif. 
. L. McCuttocn, Holyoke, Mass. 
mM. MENDELSOHN, Chicago, 
McFappen, Rutland, Vt. 
. J. Mervin, Omaha, Nebr. 
M. B. Meyer, Wilmington, Del. 
J. K. Morris, Erie, Pa. 
J. C. Netti, Philadelphia, Pa. 
J. NeumMvueE Philadelphia, Pa. 
M. M. Ocsuter, W. Springfield, Pa. 
G. OerTeEL, Syracuse, N. Y. 
G. O. Ouxsson, Detroit, Mich. 
C. R. Papevrorp, Fall River, Mass. 


JACK I. KURTZ 


D. R. Parne, Topeka, Kan. 

Geo. A. Parkins, Ord, Nebr. 

J. I. Pascar, New York, N. Y. 

R. J. Pearce, Greensboro, N. C. 

R. M. Pecxuam, Rochester, N. Y. 

Ernest Petry, Rochester, N. Y. 

S. H. Rosinson, Prescott, Aris. 

A. N. Prussin, Detroit, Mich. 

E. LeRoy Ryer, New York, N. Y. 

H. L. Satov, Newark, N. J. 

Suearp, Rochester, Minn. 

Cart SHEPHARD, Chicago, Ill. 

R. E. Simpson, Pasadena, Calif. 

W. Situ, Dorchester, Mass. 

H. R. Spitver, Eaton, Ohio 

M. J. Starx, Union City, N. J. 

M. STEINFELD, Paducah, Ky. 

Epwin Forses Tait, Phila, Pa. 

H. Tuomas, Wenatchee, Wash. 

S. S. Titus, Kansas City, Mo. 

R. N. Wacker, Winston-Salem, N.C. 
. P. Wuee tock, Des Moines, Iowa 

WuitakeEr, Jr., Bridgeton, N. J. 

Wiseman, Buffalo, N. Y. 

Wray, Los Angeles, Calif. 

Wyatt, Peoria, Jil. 


C, 
G. 
7 < 


Published Monthly by the AMERICAN JOURNAL OF CPTOMETRY PUBLISHING ASSOCIATION, 
1501 Foshay Tower, 821 Marquette Ave., Minnezpolis, Minn. 


ANNUAL SUBSCRIPTION $4.00. 


CANADA AND FOREIGN $5.00 


Entered as second-class matter February 20, 1924, at the postoffice at Minneapolis, Minnesota, under the Act 


of March 3, 1879, 


LIGHT, AND MORE LIGHT 


“Light, light and more light” is the trend in illumina- 


tion today. Higher illumination is necessary and desir- 


able in many instances — modern efficiency and speed 


demand it. However, with the use of higher intensities 


there is also the increased likelihood of glare — the 


creation of more sources of vision-disturbing and eye- 


straining “‘over brightness’. You can guard your pa- 


tients by prescribing protection—the glare protection 


of Soft-Lite lenses. 


For constant wear. It For constant wear. It This shade isfor occa- For occasional weer. It 
provides comfortable provides a slight in- sionalwear.Itprovides provides protection 
vision without glare- crease of lightabsorp- protectionfromoutdoor from intense outdoor 
strain.Foreyessensitive tion over No.1 shade. giareasfoundinmotor- glare as at the beach, 
to mild forms of glare. For eyes supersensitive ing,gol.ing, tennisand fishing, boating, or in 
Pleasing appearance. toglare.!nconspicuous. other outdoor sports. semi-tropical areas. 


EWE 


AN ADVERTISEMENT OF THE SOFT-LITE LENS CO., Inc. 


=, 
x 
Ay 
4 
3 4 
i 


AMERICAN JOURNAL OF OPTOMETRY 


APRIL, 1935 


CONTENTS 


ORIGINAL PAPERS 


An Improved Technique for the Subjective Measurement of Ocular Refrac- 


A Study of the Factors Entering Into the Determination of Handedness. 


A Note on the Explanation of Stereoscopic Vision for Academic Purposes. 
Earl Allgaier 


Negative Fusional Convergence. Hammond S. Horton 


Practice and Fatigue Effects in Visual Readjustment. Z. J. Schoen 


EDITORIALS 


WHICH BIFOCAL? 
AND WHY? 


A number of questions confront the refractionist each time he prescribes bifocal lenses. 
Which bifocal should be used? Why?—How high should the segments be? How 
much inset?—Should the lens be tilted? How much?—How far from the eyes should 
the lens be? The comfort and efficiency of the bifocals depend almost as much on the 
correct answering of these questions as on the correctness of the refraction. 


WALCO BIFOCAL SERVICE 


You may have these questions answered accurately and scientifically by using the 
Walco Bifocal Service. Here’s how todo it. Send us a full and detailed prescription. 
We will analyze your prescription and return to you a complete report covering the 
above questions. The report will be unbiased. This service is free to refractionists, 
in the territories we serve, and details no obligation. Use it. whenever there is the 
slightest doubt about bifocal lenses. 


THE WALMAN OPTICAL COMPANY 


_ 229 MEDICAL ARTS BLDG. 
MINNEAPOLIS, MINN. 


GRAND FORKS 


Vol. 12 es No. 4 | 

FARGO st. PADS 


= 
O 
or 
= 
< 


y 
f 
Patented 
43 
: : 
| 
j 


AMERICAN JOURNAL OF OPTOMETRY 


APRIL, 1935 


AN IMPROVED TECHNIQUE FOR THE SUBJECTIVE 
MEASUREMENT OF OCULAR REFRACTION* 


J. Robinson Cohen, Opt.D. 
Staff Optometrist, West Side Hospital and Dispensary, New York City 


PART ONE: 


A Discussion of Subjective Refraction and Visual Acuity 


The subjective measurement of refractive error antedates, by far, 
all other methods of investigation. Although great advances have been 
made in objective methods of investigation, the findings of the subjective 
refraction are still considered a court of last resort by many. Many im- 
portant objections have been raised to the subjective test, especially to 
the manner in which it is usually made. The purpose of this paper is to 
consider the theory of the subjective test, discuss the factors vitiating the 
test, and finally, to suggest a modified method of subjective refraction 
which appears to have many advantages over present methods. 


Subjective refraction may be defined as an attempt to ascertain, by 
the interposition of various lens combinations between the patient’s eyes 
and assigned distant test objects, that lens combination with which the 
patient obtains maximum visual acuity, without accommodative effort. 


It has been suggested that subjective refraction be defined as “‘the 
refining of the correction found by objective methods.’’ While it is readily 
admitted that present objective methods of refraction offer a definite base 
from which to commence the subjective investigation, there is a distinct 
advantage in conducting the subjective test as an independent search for 
evidence rather than as a supplementary investigation. As a separate and 
distinct entity in the refraction program the subjective test takes a position 
of equal if not precedent importance with the other tests. As a refinement 
of the objective test there is a strong possibility that errors developing in 
the objective tests will be carried over into the subjective. 

Viewed as » purely physical concept, the purpose of the subjective 
refraction is to supplement the visual apparatus with a lens combination 
which will reduce the retinal blur circles to a minimum; the ideal condi- 
tion being one in which the blur circles have been reduced to point images. 


*Submitted for publication December 26, 1934. 
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By treating the various refractive errors as problems in blur circle 
elimination, a clearer understanding may be had of many apparent in- 
consistencies between refractive errors and visual acuity. Unfortunately, 
there is a tendency on the part of refractionists to shun the study of the 
retinal blur circles as being too involved and complex, although anyone 
who has ever focussed a burning glass has applied the principle of reducing 
the blur circle of the sun’s image to a point. 


The most simple refractive errors (from the physicist’s viewpoint ) 
are hyperopia and myopia. The blur circles produced by these errors of 
refraction can be studied by an analogous comparison of the blur circles 
produced by a convex lens on a movable screen. 

In the diagram (Figurel), LL, represents the principal plane of a 
thin convex lens whose anterior and posterior focal points are F, and F, 
respectively. EE, is the second focal plane of the lens. A pencil of parallel 
rays proceeding from an infinitely distant point object situated at an 
angular distance “‘a’’ above the optic axis is impinging upon the lens. 

Since one ray of the pencil, O,P., passes through F, this ray will 
proceed in a direction P.I parallel to the optic axis after refraction and 
will intersect the second principal focal plane at I. The ray O,C, im- 
pinging upon the optical center, will pass through without deflection and 
will intersect the second principal focal plane at the same point I, which 
will therefore be the meeting point of all the rays. It will be noted that 
LI and L,I represent the refracted portion of those rays that just touch 
the extremities of the lens. 
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If a screen is placed in the plane EE, the image of the point object 
will also be a point. If the screen is now moved toward the lens to a 
position of say HH,, it will be seen that the rays form a circle of con- 
verging light whose diameter (hh,) is limited by the lines LI, L,I. The 
intensity of illumination of the circle will of course be proportionately 
lower because of the distribution of the light through the larger area. 


If the screen is now moved to the plane MM, there will be a blur 
circle (mm,) formed by the rays which have met at I and are now 
diverging. 

It will be noted that in this case also the limits of the blur circle are 
established by prolongation of the rays LI and L,I. 

A study of the diagram will disclose that the blur circle increases in 
size as the screen is moved away from the focal plane of the lens or stated 
conversely, the blur circle is reduced in size as the focal point approaches 
the screen. 

The situation is analogous in the case of the eye. EE, can be com- 
pared to an emmetropic eye HH, to a hyperopic eye and MM, to a 
myopic eye. 

In the subjective test the focal point is moved nearer the retina by 
suitable lenses, thus reducing the blur circles. 

If the reader will now visualize a diaphragm with a circular opening 
of diameter equal to P,P, placed immediately in front of the lens so that 
only those rays included between O,P, and O,P, are refracted and the 
rest of the rays reflected, it will be immediately see that the size of the 
blur circle has been proportionately reduced. 

The diaphragm may be compared to the ocular pupil. It is then 
seen that, if the focal length remains constant, the size of the blur circle 
can be reduced by reducing the size of the pupil. This principle is in 
general use as the pinhole test. The value of this method is limited by the 
fact that when the pupil is reduced in size the illumination is reduced 
also, and finally, when the pupil becomes very small the factor of dif- 
fraction enters. 

In the previous discussion, it has been assumed that the lens (or eye) 
had only spherical refracting surfaces. There now remains to be consid- 
ered a second type of ‘“‘blur circle’’ such as is produced by a sphero- 
cylindrical lens (corresponding to compound astigmatic errors) . 

In the previous case it was found that the size of the blur circle 
varied with the distance of the screen from the focal point; in this case it 
will be found that the shape of the “‘blur circle’ varies also. The blur 
shape may be round, oval or a thin line in but one meridian, depending 
— the position of the screen relative to the TWO focal lengths of the 
ens. 

This is illustrated in Figure 2. L,L.L,L, represents a sphero-cylin- 
drical lens with the focal point for horizontal rays located at Fh and 
the focal point for vertical rays located at Fv. The lines L,Fv and L,Fv 
and their extensions limit the size of the vertical axis of the blur circle 
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and the lines L,Fh and L,Fh and their extensions limit the size of the 
horizontal axis of the blur circle. 


If a screen is interposed at S,, there will be a blur ellipse formed 
with the major axis vertical. As the screen is moved toward the position 
S,, in the plane of Fh, the blur ellipse decreases in size, but the minor axis 
decreases more rapidly than the major axis, until, when the screen is at 
S,, the length of the minor axis is zero. In other words, the image formed 
at this point is a line at right angles to the rays for which Fh is the focus. 

To reduce this line to a point, it would be necessary to increase the 
refracting power of the vertical meridian only. (This is equivalent to 
adding a convex cylindrical lens with axis horizontal.) 

If the screen is now moved toward Fv, the line gradually broadens 
horizontally and decreases vertically. so that an ellipse is again formed, 
(S,). Eventually, the horizontal axis becomes broader than the vertical 
axis, and finally, at S,, in the plane of Fv, the vertical axis has reduced 
in length to zero, and the image at this point is a horizontal line. 

If the screen is carried past Fv, the vertical line again broadens and 
an ellipse is again formed with the horizontal axis greater than the 
vertical. 

The blur circle formed at S,, is analogous to the blur circle formed 
in compound hyperopic astigmia; that at S, to simple hyperopic astigmia; 
S, to mixed astigmia; S, to simple myopic astigmia and past Fv, to 
compound astigmia. 


Chromatic Blur Circles 


Before leaving the subject of blur circles, reference must be made 
to another group of blur circles formed by lenses (and the eye) known 
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as chromatic blur circls. The presence of these blur circles is due, of 
course, to the fact that the index of refraction of any lens (or the eye) 
varies for different colors, i.e., wave lengths of light. _ 

The index of refraction varies in an ascending scale for the spectrum 
colors, being lowest for red and successively higher for orange, yellow, 
green, blue and violet. The focal lengths, which are inversely related to 
the index therefore vary in a descending scale. The violet focal point is 
therefore nearest the lens, the red farthest away. 

If a beam of white light strikes a lens and a screen is interposed in 
the focal plane for yellow light, there will be blur circles formed by the 
red and orange rays, which have not yet come to a focus, and by the 
green and blue rays, which have already focused and are diverging. The 
resultant image will, because of the superimposition of the various colored 
blur circles, appear white with colored edges. This phenomenon is fre- 
quently observed and is easily demonstrated. 


In the diagram, Figure 3, PP and P,P, represent sectors of the 
diaphragm limiting the rays entering the lens LL,. SS, represents the 
screen placed in the plane of Fy, the focal point for yellow rays. Fg is 
the focal point for the green rays and Fr the focal point for the red rays. 
The focal points for the orange and blue rays are not shown. ‘“‘gg,’” is 
the blur circle for the green rays and ‘‘rr,’’ the blur circle for the red rays. 


While there is some disagreement among investigators, it may be 
stated as an approximate value that the distance between the red and blue 
focal points for the emmetropic eye, when adjusted to infinity, is .64mm, 
equivalent to about 1.62 diopters. 

It has been assumed that, under ordinary conditions of illumina- 
tion, the human eye is adjusted to yellow light although recent investi- 
gations by Pech and Imbrie suggest that this is not always so. 
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On this basis the emmetropic eye would be about 0.50 diopter 
hyperopic for red and 0.50 diopter myopic for green. It may therefore 
be deduced that, by proper selection of wave length, red and green light 
sources may be obtained which will give equally sized retinal blur circles 
when the eye is normally adjusted (adjusted for yellow light). 


Foveal Cone Mosaic 

Since the measurement of visual acuity is a measurement of the 
ability of the eye to discriminate between two closely placed point light 
sources, or, as generally measured, to distinguish the limbs and outlines 
of letters or other test objects, the foregoing discussion of blur circles 
was valuable in demonstrating that the overlapping of the blur circle 
images of two closely placed point light sources would render their 
discrimination impossible and so reduce the visual acuity. When the blur 
circles have been eliminated (theoretically) or as is actually the case, 
when the blur circles have been reduced to a minimum, the principal 
limiting factor of visual acuity is the arrangement of the foveal cone 
mosaic. 

The concept of a completely eliminated blur circle is, of course, 
simply one of convenience. There are always present residual errors and 
aberrations. These are usually of a very small order and are not disclosed 
in the customary examination. They do not, therefore, detract from 
the general accuracy of the argument. 

According to Von Rohr the average diameter of a foveal cone is 
0.00487 mm. Since the images of two points of light must be separated 
by slightly more than the diameter of a cone, in order to produce sep- 
arate light sensations, it can be demonstrated that, for the normal eye, 
the minimum separation of the objects must be 1/3438th of the object 
distance tangent 1’. Accurately designed Snellen’s Charts are constructed 
on this basis. It is to be noted that a more compact grouping or smaller 
diameter of the cones will be reflected in a higher potential visual acuity, 
and vice versa, a larger diameter of the cones would be reflected in a lower 
visual acuity. This is frequently illustrated clinically where hyperopes 
with visual acuity of 20/15 and even 20/10 are encountered. 


OTHER FACTORS INFLUENCING VISUAL ACUITY 


Illumination 
Illumination factors may modify the visual acuity. Increasing the 
illumination of the test chart, by increasing the contrast between the 
test objects and the background, will, within limits, result in increased 
visual acuity and conversely, reducing the illumination will reduce the 
visual acuity. Background glare, as well as the glare from extraneous 
light sources will tend, by diffusing light over the retina to reduce the 
contrast at the foveal cones and result in lowered visual acuity. 


Pathology 
Pathological interferences with the proper functioning of the visual 
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apparatus will result in reduced visual acuity. A discussion of this topic 
is outside of the scope of this paper. 


Factors Influencing the Subjective Test 


In the foregoing discussion, the approach to the problem of the 
subjective refraction has been entirely along physical lines. There has 
been considered, in some detail, the probable effect upon the visual acuity 
of various changes in the size and shape of the retinal blur circles, based 
upon the analogy of simple lens systems. 


Such an approach is entirely proper so long as ‘iit is correctly evalu- 
ated as being but one approach to the problem of vision and its measure- 
ment. It would be very convenient if the subject of refractive error and 
its correction could be treated as a purely mechanistic concept, but, un- 
fortunately, it is an incontrovertible fact that any attempt to discuss 
vision must include provisions for discussion of its psychological phases, 
and many errors in technique and correction have resulted from failure 
to appreciate this fact. 


Among the more evident psychological factors involved are the 
patient’s intelligence, experience, alertness, interest, ability to make fine 
discriminations and resistance to fatigue. Upon these factors depend the 
patient’s ability to comprehend the objectives of the tests, his co-opera- 
tion, his familiarity with the test objects and finally, the accuracy of the 
findings. 

As evidence of the fact that these important factors are frequently 
ignored, it will be noted that most subjective tests require the repeated 
comparison of a stimulus with the patient's memory of a preceding 
stimulus, a form of testing that is hereafter referred to as consecutive 
comparison. 

The disadvantage of such techniques are obvious: they call for a 
higher memory factor and a higher judgment factor. They stake the 
accuracy of the findings not only upon the absence of error in the actual 
physical measurements, but equally upon the patient's alertness, discrimi- 
nation and, in fact, all the factors mentioned above. 


The relative difficulty of decision and the fatigue involved in con- 
secutive comparison as against simultaneous comparison can easily be 
demonstrated by simple experiment. It is manifestly easier to compare 
two simultaneously viewed objects than to compare a viewed object and 
one’s memory of an object previously viewed. If the patient takes serious- 
ly his responsibility for deciding which lens gives better vision, doubt 
of his ability to decide is often engendered in the patient’s mind. 

In fact, patients frequently remark about the subjective phase of 
the examination: ‘“This is the part of the examination that I dread, I 
never know when I am giving the right answers.’’ From doubting his 
own judgment, to doubting the accuracy of the test method and even 
the ability of the examiner is sometimes but a short step. In view of 
the psychological importance of retaining the patient’s confidence, such a 
result is disastrous. 


AMERICAN JOURNAL OF OPTOMETRY 


Other psychological factors more difficult to compensate for are 
those relating to the psychology of vision. Here there is an unfortunate 
scarcity of experimental evidence to substantiate the wealth of theories 
with which scientific literature is replete. 


A realization of the complexity of the subject and its philosophical 
ramifications, warns the writer to avoid mention of all but the most 
definitely established factors. Those factors, too important to be ignored 
in a discussion of subjective refraction, are visual memory, collective con- 
figuration, and rectifying capacity. 

That every object viewed is compared with the memory of a pre- 
viously viewed similar object is well known. The speed that one acquires 
from practice in reading a foreign language, for example, is explained by 
the fact that one learns to memorize and recognize word groups by their 
length and salient letters. The psychic block encountered when one at- 
tempts to describe a totally strange object not resembling any familiar 
object is another example. 


Collective configuration, the filling out of an incomplete pattern, 
is illustrated by the non-recognition of the area corresponding to the 
blind spot in normal monocular vision. Finally the rectifying capacity 
causes a given stimulus to be judged and recognized according to the 
memory picture it awakens at the higher cortical levels rather than by 
the actual physical image formed upon the retina. 


In other words, we see things, not as they are, but as we believe 
them to be. 

Finally, the sources of error existing in the apparatus used for the 
test are to be considered. The stipulation for simplicity applies, most 
forcibly, to the apparatus for the subjective test. Complicated apparatus 
requiring intricate adjustments are potential sources of error and tire the 
patient and the examiner. 


Summary of Part One 

The purpose of the subjective test is to ascertain that lens correction 
with which the patient obtains maximum visual acuity, with minimum 
accommodative effort. The visual acuity of non-emmetropic eyes, unless 
corrected by accommodation, is reduced below maximum by the forma- 
tion of retinal blur circles due to the inaccurate focusing. The blur circles 
become smaller as the refractive error approaches zero. Reduction in size 
of the pupil will reduce the size of the retinal blur circles and increase 
the visual acuity. It may, under favorable circumstances, mask a refrac- 
tive error. Blur circles due to the chromatic aberration of the human eye, 
although mentally compensated for in daily life, tend to confuse the 
patient attempting to make the fine discriminations required in the course 
of the subjective test. When the refractive error is corrected with an 
accurate lens combination there is (theoretically) no blur circle and 
maximum visual acuity is obtained. The value of this maximum visual 
acuity depends upon the distribution of the cones at the fovea and varies 
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with different individuals. Visual acuity is influenced by various factors 
such as illumination, pathology, and psychological factors. 


Conclusion of Part One 
Present methods of subjective testing violate many physical or psycho- 
logical principles and admit of much improvement. An ideal subjective 
test should indicate the correction which will reduce the size of the retinal 
blur circles to a minimum. 
It should be simple, rapid and interesting. 
It should control accommodation. 


PART TWO: 


A Suggested Technique for the Subjective Measurement 
of Ocular Refraction 

The purposes of the subjective refraction having been outlined, 
and the various factors affecting the accuracy of the findings discussed, it 
is the intent of this paper to suggest a technique which offers several 
improvements of the subjective test. 

As previously suggested, speed, accuracy, and simplicity, as well as 
control of accommodation, are essential requirements for a subjective test. 

In the interest of these requirements, the test has been divided into 
three separate and distinct investigations, as follows: 

I. Investigation and measurement of the astigmatic error. 

II. Measurement of the manifest spherical error and balancing of 
the monocular findings. 

III. Investigation of the accommodative activity. 

Special charts have been designed for use in Parts I and II of the 
test, and a conventional letter chart is used in Part III. 

All three charts have been combined on one slide which is designed 
to be used with a machine of the type of the American Optical Company’s 
Project-O-Chart. 

I. Investigation and Measurement of the Astigmatic Error 

Since the purpose of the subjective test is to reduce or eliminate 
the retinal blur circles by accurate focusing, the first step in the subjective 
test should be the reduction of all retinal blur SHAPES to CIRCLES. 
It has been demonstrated see (figure 2), that, in the case of a sphero- 
cylindrical lens (corresponding to a compound astigmatic error) the 
shape of the blur circle varied from a thin line to an ellipse, depending 
upon the focal lengths of the system and the position of the screen. 

The reduction of the blur ellipses to blur circles requires the cor- 
rection of the astigmatic error—the reduction of the sphero-cylindrical 
system to the spherical system. This is the purpose of Part I of the sug- 
gested technique. For many years, the commonly used test object for this 
operation was the astigmatic clock dial or fan dial. 
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Although still used by some refractionists, these charts have been 
discarded by most investigators because of the uncertain results obtained. 
The fact that, in some cases, accurate findings are easily obtained with 
the astigmatic dial, while, in many other cases, the findings are totally 
unreliable, is an excellent demonstration of the effect of the psychological 
factors of vision upon the findings. 

From a purely mathematical viewpoint, no criticism can be leveled 
at the astigmatic dial, fan dial, and a host of other geometrical designs 
for astigmatic charts. However, the actual image of the chart, as pro- 
duced upon the patient’s retina,. is of secondary importance to the 
apparent image produced in the patient’s mind, because of the very mean- 
ing of ‘‘subjective.’’ The patient tends to rationalize the object viewed 
according to remembered patterns. If the patient believes that the lines 
should be equally black, as on a clock face, for example, there a definite 
mental tendency to equalize the difference in blackness, particularly if 
the transition of shade is gradual and not too marked. 


It is thus seen that the accuracy of the findings depends upon the 
patient’s interest and ability to overcome the tendency mentioned above, 
rather than upon the actual type of blurred image produced upon the 
patient’s retina. Furthermore, visual memory, collective configuration, 
rectification, attention, et cetera, are not abstract and theoretical consid- 
erations but real and practical factors nullifying the value of techniques 
designed without their consideration. The objections outlined above also 
apply to charts requiring equalization of limbs of an arrow. Recent 
trend in astigmatic chart design has been toward charts having lines at 
right angles only. 

The chart designed to be used in part one of the suggested technique 
consists of two broken lines arranged at right angles to form a cross and 
displayed on a monochromatic background. They can be rotated to any 
desired axes. The effect of the design is to produce definite and easily 
recognized blur images for different astigmatic errors, so that the axis and 
amounts of astigmia, if present, can be rapidly and accurately determined. 


These blur images are explained in the following paragraphs and 
there is appended a schematic diagram (Figure 4) in which an attempt 
is made to illustrate the formation of the blur images and the way in 
which certain of the blur images reinforce each other under special con- 
ditions. The reader is cautioned against accepting the diagram as a sub- 
stitute for photographs of the blur images. It must always be remembered 
that the blur image has no sharply defined outline but fades very gradu- 
ally from a deep black, or grey through the shades of grey into white. 


If an opaque black square arranged on a luminous white back- 
ground is placed in front of a convex spherical lens, and a screen placed 
at the conjugate focal distance on the other side of the lens, an image 
will be formed on the screen. If the appearance of the square and back- 
ground were as in ‘‘a’’ figure 4, the image will have the same appearance, 
but will probably differ in size. 
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FIGURE 4. 


If this screen is now moved away from the lens, the image will 
increase in size, but the intensity of the image will be reduced. The image 
will be blackest at the center and shade off through decreasing intensities 
of grey into the white of the background. This loss of intensity or black- 
ness is due to the blur circles formed by the infinite number of minute 


light sources constituting the background. An attempt has been made in 
“‘b’’ figure 4, to suggest the appearances of the image under these con- 


ditions. 


© © 


a. db. Cc. a. 
=== 
= 
= 
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If, instead of moving the screen away from the lens, a convex cylin- 
drical lens is added to the spherical lens, the effect will be to bring the 
focus forward in the meridian at right angles to the axis of the cylindrical 
lens and to produce blur circles in that meridian. In ‘‘c’’ figure 4, the 
image is shown as it would appear when the convex cylindrical power 
has been added in the horizontal meridian (cylindrical axis 90°); and 
in ‘‘d’’ figure 4, the appearance of the image is shown with the cylindri- 
cal power added in the vertical meridian (cylindrical axis 180°). 


Attention is called to the special condition in which two opaque 
black squares of equal size are separated by a distance equal to the width 
of the squares, and the design is viewed from such a distance that the 
square subtends an angle slightly greater than the angle of minimum 
visibility. It is readily noted that, in this special case, the blur circle from 
the first square fades from grey into white at the same rate as the blur 
circle from the second square. As a result, that area common to both 
blur circles will have a reinforcement of each blur circle by the other, 
and the effect produced will be that of a continuous line of varying 
blackness. This reinforcement of blur circles has been indicated on the 
diagram, figure 4, aa, bb, cc, by cross hatching the areas of reinforcement. 


If a series of squares forming a cross are substituted for the single 
square, the corresponding images are shown in figure 4, as ‘‘aa,’’ ‘‘bb,”’ 
“‘cce.’” It is important to note that while in ‘‘aa,’’ the cross appears equally 
blurred in both meridians in “‘bb’’ the vertical blurred images reinforce 
each other, so that the vertical row of squares appear as blurred oblongs. 

If the screen is now moved a short distance away from the lens, 
the vertical and horizontal images will both blur slightly and the image 
will appear as two blurred black lines, but the vertical meridian will 
always appear blacker than the horizontal. The same reasoning can be 
applied to “‘cc.”’ 

The important point which is again emphasized, is that the merid- 
ian most out of focus will always appear the blacker, due to the rein- 
forcement above mentioned. This experiment can be considered analogous 
to the visual experiences of an astigmatic patient observing the chart. 

In order to intensify the reinforcement and contrast just referred to, 
the chart has been constructed of rectangles whose lengths have a 3:1 ratio 
to the widths and to the spaces between the rectangles. Each rectangle is 
designed to subtend at the patient’s nodal point an angle of 2’ for the 
width and 6’ for the length. The result of this design is that when the 
cross is rotated from a position of coincidence with the principal meridi- 
ans of the eye under test, the blurred areas cease to reinforce each other 
and the patient notices a marked change in the color and definition of the 
lines. 

This effect is further increased by projecting the cross lines on a 
monochromatic red background, thus eliminating the chromatic blur 
circles referred to in part one. The selection of the red background permits 
the use of additional plus spherical power, as all eyes are RELATIVELY 
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hyperopic for red so that when the later steps of the test are taken, the 
eye is automatically fogged for white (or yellow) light. 


The theory underlying the chart having been discussed, a discus- 
sion of the technique follows. The cross lines are set with the principal 
meridians coinciding with the principal meridians of the eye under test, 
as indicated by the ophthalmometric or retinoscopic findings. If no astig- 
ma is indicated, or if the findings are uncertain, the lines are set in a 
vertical-horizontal position (90°-180°). 


The patient's attention is directed to the chart and plus (or minus) 
spherical lenses are placed in the phoroptor or trial frame until the strong- 
est plus or weakest minus lens is found with which the patient can see 
one of the cross lines ‘‘fairly clear’’ and the addition of more plus blurs 
BOTH lines. If both lines appear equally clear (or blurred) throughout 
this step of the test, the cross lines are rotated an angular distance of 
45 degrees and if in this new position, they are still reported equally 
clear, or blurred, the absence of regular astigmia has been demonstrated. 
The cross cylinder check can be used, if desired, to prove the findings, in 
fact, this simple piece of apparatus nowhere demonstrates its value more 
fully than when used in conjunction with the technique suggested in 
this article. In those cases in which one line is reported by the patient 
as being blacker or clearer than the other, the cross lines are rotated an 
angular distance of 10 to 15 degrees, first to one side, then to the other 
side of the primary position and the patient is instructed to observe the 
CLEARER LINE and to report whether the blackness of the line in- 
creases or diminishes as it is rotated. 


Because of the fact that the blur circles are monochromatic, a 
change from a position of mutual reinforcement will produce a marked 
change in definition of the blacker line, so that most patients will be 
able to locate the position of “‘greatest blackness’’ with remarkable ac- 
curacy. It can be clinically demonstrated that a trained observer with an 
astigmatic error of 0.50 diopter or more, can locate the axis of error 
within one degree upon repeated trials. With untrained observers of 
low intelligence such a high degree of accuracy is not claimed, but it will 
be found that even this group can locate the axis of error within five 
degrees. 


Once the principal meridians have been located, minus cylindrical 
correction is added until the lines are equally black (slightly blurred) 
and the addition of additional minus cylindrical correction causes the 
second line to appear blacker than the first. 


The critical reader will have noted that, in the suggestions for 
locating the axis of the astigmia, the arguments previously presented 
against consecutive comparison have been ignored. This has been made 
necessary by the fact that simultaneous comparison of small differences of 
stimulation of adjacent retinal areas tends to bring into play the factors 
of rectification and collective configuration previously. referred to. There- 
fore, the problem in this case is the selection of the lesser of two possible 
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sources of error. It may be further stated that the change in definition 
of the line, in astigmatic error, is so marked as to reduce greatly the 
keenness of judgment required. 


II. Measurement of the Manifest Spherical Error and 
Balancing of the Monocular Findings 


The purpose of this phase of the suggested technique is to measure 
the manifest spherical error and to balance the monocular prescription 
found, so that the final prescription may be found binocularly. 


Since it is assumed that the astigmatic error has been corrected in 
the previous part of the technique, the targets for this step have been 
designed to avoid reinforcement of blur circles in the event that residual 
astigmia is present. They are further designed so as to present to the 
patient's attention simple elementary figures which contain no stimulation 
to collective configuration, rectification or accommodation and which will 
retain their identity of design through a wide range of blur. 


The chart used for this phase of the technique consists of two 
pairs of targets, identical, in design, and differing only in size. Each 
target consists of a smaller circle concentrically placed inside a larger 
circle. The smaller targets are designed so that, when projected, the 
angular width of each circle at the nodal point of the patient’s eye is 2’, 
the width of the space between the circles is 2’ and the entire figure 
subtends an angle of 16’. The larger pair of targets, which are used in 
amblyopic cases subtend angles 50 per cent greater than the smaller 
targets. 

The four targets are projected upon a background of two different 
colors, so that there is one large target and one small target upon each 
background. The colors of the backgrounds are red and green and are of 
such wave-length that rays from distantly placed light sources of the 
respective colors will form equally sized blur circles upon the retina of an 
eye focused for yellow light. Obviously, the green blur circles are formed 
by rays that focus in the vitreous and proceed onward until they strike 
the retina; while the red blur circles are formed by rays directed to a 
point behind the retina and intercepted by it. 


Since an eye focused for white (yellow) light is one-half diopter 
hyperopic for red light and one-half diopter myopic for green, it is 
readily seen that if the target on the red background is sharply focused, 
the target on the green background will be one diopter out of focus, 
and conversely, if the target on the green background is sharply focused, 
the target on the red background will be one diopter out of focus. In 
other words, the chromatic aberrations of the eye may be utilized as a 
magnified scale for the measurement of the manifest error. 


The test is an extremely sensitive and rapid one. Since the previous 
test was made with red light, the patient is slightly fogged for red and 
quite fogged for green at the commencement of this step in the technique. 
The patient is directed to observe, monocularly, the two small targets, 
through the correction found in the previous test, and to state which 
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target is more blurred. The correct and obvious reply is that the green 
target is more blurred. Concave spheres are added to the correction in 
the phoroptor or trial frame until the targets appear equally clear (in 
reality, equally blurred). The addition of a quarter of a diopter of 
minus sphere will cause the red target to appear more blurred (i.e., the 
green target will appear more clear). In many cases, only a twelfth of a 
diopter will be required to cause this reversal. This operation is then 
repeated for the other eye, the first eye being occluded, and constitutes 
the entire step II of tixe technique. 


Two important items of information are obtained from this phase 
of the test. First, the correction with which the patient reports both 
targets alike, or the green target clearer, is the correction with which the 
patient will obtain maximum visual acuity. Second, the refractive cor- 
rections for the two eyes have been balanced upon the same wave length 
of the spectrum, by the same technique and under the same conditions, 
and a proper base from which to commence the binocular phase of the 
examination has been found. 


In addition to possessing the information above mentioned, the 
refractionist commences the third and final step of the examination under 
the following favorable conditions. First, no conventional test letters 
have been shown to the patient, except in the preliminary recording of 
the visual acuity, which, it is assumed, is the first step in any well ordered 
examination. Second, although the patient has been given three oppor- 
tunities to judge relative values, these judgments have been required under 
conditions carefully arranged to inhibit anxiety and fatigue and to 
stimulate interest. There is slight mental effort required to make the 
judgments requested, so that even the lower types of mentalities can 
give rapid answers. Furthermore, the patient has no clue to the accuracy 
of his answers, and in fact, no suggestion that any other answer than 
that given is possible. Consequently, the anxiety often reported during 
the subjective test is avoided. 


Step III. Investigation of the Accommodative Activity 


The purpose of this final step in the technique is to ascertain 
whether the visual acuity obtained with the prescription found in the 
previous step of the test is also obtained with the minimum accommo- 
dative effort. 


The apparatus used is a conventional letter or number chart. The 
technique is basically that of the conventional fogging test, with one 
modification. This modification is based upon the following fact. When 
the illumination, accommodation and size of the pupil remain constant, 
there is a direct relationship between the artificial myopia induced by 
fogging lenses and the retinal blur circles produced by the lenses and 
reflected in the lowered visual acuity. 

Every text book of refraction contains some sort of table showing 
this relationship, and every refractionist has such a table based upon his 
own refracting-room experience. While these tables agree in principle, 
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they vary in detail due to the varying factors of size and design of the 
test letters used, illumination, etc. It is important that the conditions of 
the examination room, that is, the illumination of the test chart, extrane- 
ous illumination of the room, design of test letters, etc., be held constant 
for all examinations, so that the individual refractionist can correct the 
appended table according to his own working conditions. 


TABLE 

0.50 fog should reduce 20/20 Visual Acuity to 20/30 Scant 

1.00 fog should reduce 20/20 Visual Acuity to 20/50 Scant 
The technique of the test follows: The conventional letter chart is 
projected, and the patient asked to read the bottom row of letters or 
numbers, or the smallest row possible (VA,). 

The visual acuity is recorded (VA,), + 1.00 spherical fogging 
lenses added and the visual acuity again recorded (VA.). The fog is then 
WA) to +0.50 and the visual acuity with this correction recorded 

While generalizations are always dangerous, it may be stated that, 
in the absence of marked myologic findings, a prescription giving 20/20 
as VA,; 20/50 scant as VA, and 20/30 scant as VA, will give maxi- 
mum visual acuity with minimum accommodative effort and will be 
completely satisfactory and comfortable. 


Summary of Part II 

A technique of subjective refraction is suggested consisting of three 
steps: 

, 1. The detection and measurement of the astigmatic error. 

2. The measurement of the manifest spherical error and balancing 
of the monocular correction. 

3. The correction of the previous finding for accommodative 
activity. 

Each step in the technique is planned to obtain the information 
required with speed, ease and minimum opportunity for errors in judg- 


ment. 
The apparatus used is novel in design and application and is dis- 
tinctly different from conventional trial and error test chart methods. 


Conclusion 

A suggested technique of subject refraction offers several advantages 
over conventional methods of testing and gives accurate findings with 
rapid operation. 


J. ROBINSON COHEN 
221 EIGHTH AVENUE 
NEW YORK CITY, N. Y. 


> 
x: 
| 
| 
] 
| 
142 


MEASUREMENT OF OCULAR REFRACTION—COHEN 


BIBLIOGRAPHY 


Helmholtz, Southall translation, Physiological Optics, Volume 1, pps. 121-142. 
Duke-Elder: Text Book of Ophthalmology, Volume 1, pps. 1023-1069. 


_ Sheard; a of Physiological Optics, January, 1926, Volume 7, Number 
1, pps. - 


Pech & Imbrie: Archives d’Ophthalmologie, June, 1930, Volume 47, pps. 363-377. 
Woodworth, Robert S.: Contemporary Schools of Psychology, pps. 93-125. 

Von Rohr: Eyes and Spectacles. 

Henker, Otto: Introduction to the Theory of Spectacles, 

Kiilpe: Outlines of Psychology, Titchener translation. 


> 


A STUDY OF FACTORS ENTERING INTO THE 
DETERMINATION OF HANDEDNESS* 


Lewis H. Kraskin, O. D., F. A. A. O. 
Washington, D. C. 


Part IV 


(Continued from March issue.) 


Statistical Interpretation of the Data. 


From the infant study group the following statistical data were 
derived: 80 per cent of the LOA group were right-handed, and 78 per 
cent of the ROA group were right-handed in the total study of 330 
cases, and in the group of 156 cases, 85 per cent of the LOA group were 
right-handed and 90 per cent of the ROA group were right-handed. 
The LOA and ROA groups comprise 89.03 per cent of the total pres- 
entations, and the percentage of right-handedness is so nearly constant 
for the two groups that it seems highly improbable that birth presenta- 
tion position has any relationship whatever to dextrality. The statis- 
tical results in the studies on the basal metabolism of the mother, birth 
weight of the child and time of first tooth in the child seemed in each 
instance to indicate no relationship between the factor investigated and 
handedness as was pointed out in the beginning of this paper. 


The hereditary data, however, merit further statistical analysis. 
For comparative purposes, we shall consider all of the hereditary data 
of this study as a unit investigation. It will be observed by the accom- 
panying chart that there is agreement in the percentage of right-hand- 
edness in the infant, sixth grade and college groups, i. e., 80.1 per 
cent, 80.7 per cent and 82.8 per cent, and, hence, also in the left-hand- 
edness in the three groups, 1. e., 19.9 per cent, 19.3 per cent and 17.2 
per cent. In the sixth grade and college groups, agreement will be 
noted in the extent of right-handed heredity reported, i. e., 75.8 per 
cent and 74.1 per cent and accordingly in the agreement of the reported 
left-handed heredity, i. e., 24.2 per cent and 25.9 per cent. However, 
it must be remembered that the subjects are reporting for themselves, 
and in most instances their familial experience includes only their par- 
ents, whereas in the infant group the mother is reporting for her child; 


*Submitted for publication July lsth, 1934. 
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her familial experience includes not only herself and the child’s father, 
but also, very probably, her own and the child’s father’s parents. Pos- 
sibly this fact may have a bearing on the 41.1 per cent left-handedness 
reported by the mothers of the infants in the infant group as compared 
with the 24.2 per cent and the 25.9 per cent left-handedness reported 
by the college and sixth grade groups. The hereditary data for the kin- 
~~ — was not available. For a comparative chart see Ta- 
ble No. 20. 


A consideration of the correlation coefficients for the relationship 
of handedness and intelligence is, indeed, interesting. In the kindergar- 
ten and college groups absolutely no relationship exists as is seen in the 
following table: 


TABLE NO. 20 
HEREDITY AND HANDEDNESS 
GROUP Right Heredity Left Heredity Heredity 


Right-handed Number Percentage Number Percentage R. L. 

ERS 178 53.9 86 26 58.9 41.1 

Sixth Grade ....178 61.3 56 19.4 75.8 24.2 

College ........ 242 61.5 84 21.3 74.1 25.9 

*Heredity data unavailable. 

GROUP Right Heredity Left Heredity Handedness 
Left-handed Number Percentage Number Percentage R. Ras 
16 4.8 50 15.19 80.1 19.9 
Kindergarten* .. 81.4 18.6 
Sixth Grade .... 42 14.5 14 4.8 80.7 19.3 
+ ee 50 12.6 18 4.6 82.8 17.2 

108 


Subjective test for handedness used here. Parents reported heredity and hence 
number of cases of left-handed heredity reported should be greater than in other groups 
which were reported by subjects themselves, since subjects would not know about all 
left-handedness known by parents. 


TABLE NO. 21 
CORRELATION OF HANDEDNESS AND INTELLIGENCE— 
OF AMBIDEXTERITY AND INTELLIGENCE 


Kindergarten Group ......... —.142 + .052 —.10 + .053 
Sixth Grade Group.......... .6103 + .0248 .4176 + .0326 
.0095 + .043 15 .043 
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FREQUENCY DISTRIBUTION FOR HANDEDNESS RATIO 


Deviation From First 
*Assumed Mean Frequency Moment 


Second 


Moment 


45 


70 —.40 4 — 1.60 
75 —.35 6 — 2.10 
80 —.30 12 — 3.60 
85 —.25 23 — 5.75 
.90 —.20 46 — 9.20 
95 —.15 63 — 9.45 
1.00 —.10 135 —13.50 
1.05 —.05 150 — 7.50 
*1.10 0 139 0 
1.15 .05 131 6.55 
1.20 10 93 9.30 
1.25 15 72 10.80 
1.30 .20 41 8.20 
1.35 25 24 6.00 
1.40 30 21 6.30 
1.45 35 9 3.15 
1.50 40 8 3.20 
1.55 45 2 .90 
1.60 50 4 2.00 
1 55 


5.80 


*Assumed mean = 1.10 


B.80 


985 


21.0750 
§ => ————. = .0213 95 and § = .146 
985, 
.6745 x 8 .6745 x .146 
P. E. of Mean = = = 
VN 31.4 


(Calculations continued on next page) 


Calculations: Same symbols used as in previous studies. 


.003; 


.2025 
.6400 

.7350 
1.0800 
1.4375 
1.8400 
1.4175 
1.3500 

.3750 

0 

.3275 

.9300 
1.6200 
1.6400 
1.5000 
1.8900 
1.1025 
1.2800 

.4050 
1.0000 
.3025 


21.0750= S 


X = + — = + .006. Mean = 1.10 + .006 = 1.094 
> = S* — X* = 21.0750 —(.006) =21.0750 —.000036=21.0750 


Class 

.65 —.45 1 — 
N = 985 
& 
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(Calculations continued from preceeding page) 
Mean = 1.094. + .003 
.4769 8 .4769 x .146 


P. E. of 8 = = = .002;: = .146 = .002 
VN 31.4 
0° °k 
P. E. (M—M ) = .6745 — + —. ete. 


Simple calculations show that 
PE. (M — M ) a .0155 


P.E. (M —M) = .0288 
P.E. (M —M) =.0175 

whereas (M —M_) = (1.10 — 1.11) = —.01 

(M —M) = (1.10 — 1.12) = —02 

(M —M) ‘= (1.10 — 1.09) = +.01 


It will be noted that the probable error of each difference is greater than 
the corresponding difference, so that differences between the means are 
insignificant. 


How then may the coefficient of correlation .61 be accounted for in the 
Sixth Grade? Observation of the data in Table No. 11 will reveal that 
the tenth decile accounts for 2.772 of the total 3.966 of the dx dy col- 
umn which is the numerator of the correlation coefficient. One may say 
that the coefficient is significant, but in view of the other results ob- 
tained, it seems more correct to attribute this to chance. 


The statistical interpretation of the individual sections of this 
study were made as the data was presented, 1. e., the relationship of the 
number marking and grip test to the tapping test, the importance of the 
improvement percentage of the non-preferred hand, and the study on 
the extent of accuracy in the reported handedness as measured by the 
tapping test. There remains, then, only the composite study of the 
handedness ratio as shown in the various frequency distributions. 


It remains to indicate that age and hence, living in a right-handed 
world have no significant influence on native handedness as revealed by 
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the tapping test. For this purpose it is sufficient to indicate that the 
three frequency distributions of the handedness ratio for the tapping 
test, ¢. e., kindergarten, sixth grade and college levels are samples taken 
from the same general statistical population. 


To indicate this result a composite frequency function for 985 
subjects, made up of all the 296 in the kindergarten group, all the 291 
in the sixth grade group and all the 398 in the college group, has been 
constructed. This function is shown in Table No. 22 and Drawing 
No. 1. For this frequency function the mean is 1.10 + .006 and the 
standard deviation is .146 + .002, both of which are sufficiently 
greater than their respective probable errors to indicate significance. 


It is desired to test for significant differences, if any, between each 
of the three samples and the general population. Let Mo, Mk, Ms, Mc 
represent respectively the means of the general distribution, the kinder- 
garten, the sixth grade and the college group. To detect significant dif- 
ferences in the sample, (Mo—Mk), (Mo—Ms) and (Mo—Mc) are 
compared with their respective probable errors. These are given by 
formulas of the type.’ 


Part V 


CONCLUSIONS 


It would seem that there are five definite conclusions that can be 
made from the results of the foregoing investigation: 


First, handedness is a trait which is manifested in varying degrees 
in different individuals, and the age of the subjects does not affect the 
degree of its manifestation. The degree of handedness may be repre- 
sented by a continuous function which is somewhat like the normal 
probability function, but slightly skewed to the left; the mean of this 
distribution is in the neighborhood of 1.10 (and the extremes of the 
curve approach the handedness axis asymptotically) ; the nature of the 
_? such that it includes the handedness ratio of any given indi- 
vidual. 

Second, handedness and intelligence are probably not related. 
Therefore, to the extent that intelligence and general inferiority, speech 
disturbances, and congenital disorders of the nervous system are related, 
these undesirable qualities probably are not related to handedness. 


Third, some of the above data would tend to support the theory 
that handedness is an inherited quality, for first among the four sam- 
ples, the infant, the kindergarten, the sixth grade and the college groups, 
the statistics of the distribution,—the mean and the standard deviation, 
do not vary more than might be expected by the theory of sampling, 
and, second, there are significant differences in the percentage of subjects 
both right- and left-handed who have a right- or left-handed heredity. 


*D. C. Jones, A First Course in Statistics. A. Bell & Sons, 1924, pp. 160-161. 
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Fourth, handedness is not affected by the prenatal environment as 
it is determined by the dominant position of the foetus, or the presenta- 
tion position of the child, or by the basal metabolism of the mother, or 
by the birth weight of the child. 


Fifth, about 81 per cent of the population show greater native 
ability with their right hand than with their left hand (tapping test), 
whereas approximately 96 per cent learn to use their right hands pref- 
erentially (number marking test). In other words 75 per cent of those 
who have greater native ability in their left hands develop preferential 
use of their right hands, presumably due to the effects of living in a 
right-handed world. 


DR. LEWIS H. KRASKIN, 
WASHINGTON, D. C. 
516-518 WASHINGTON LOAN & TRUST BLDG., 
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A NOTE ON THE EXPLANATION OF STEREOSCOPIC 
VISION FOR ACADEMIC PURPOSES* 


Earl Allgaier 
Iowa State College 
‘Ames, Iowa 


This discussion is not an attempt to put forth new principles or 
theories regarding stereoscopic vision. Rather, the aim is to present 
briefly, in a simple fashion, one of the ways in which an individual is 
able to determine the relative distance from the eyes of two or more 
points lying in space. Most text books do not elaborate the principle 
of the disparagement of images in a satisfactory way. 

French has published an article on this subject but it lacks clearness 
and conciseness and is not available to many persons interested in this 
subject. 

In the accompanying Figure I the two eyes are represented by O. S. 
and O. D. respectively. A and B represent two points in space. For 
simplicity we may assume that both eyes are focused on point A. Point 
B can also be seen but not so clearly as it is not in focus. Light coming 
from A will be brought to a focus at a point on the fovea of the retina 


Os 

Fig I 


of each eye. The point in the right eye corresponds to the point in the 
left eye so that the two impressions are fused and interpreted as a single 
point, A. If A and B were areas instead of points then each area could 
be considered as being made up of very small areas, each just perceptible 
to the observer. 


*Submitted for publication February 10, 1935 
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In a similar manner light from point B is brought to an approxi- 
mate focus on the retina of the left eye at the point e. This ray of light 
forms the angle x with the light from A. The distance on the retina 
from e to f is then dependent upon the angle x and the distance from 
the lens which refracts the light to the retina. In a similar manner light 
from B is brought to a near-focus on the retina of the right eye at g, 
forming the angle y. The angles x’ and y’ will be proportional to x 
and y respectively, assuming the refractive index of the two lenses to 
be equal. Where x =—y and x’ = y’, the distance ef — gh and g will 
fall on a point on the right retina corresponding to e on the left retina so 
that point A and B will appear equidistant from the eyes. 


In the case illustrated in Figure I, B is farther out than A so that 
x will be less than y and ef will be less than gh. Since e and g now no 
longer fall on corresponding points on the two retinae the points A and 
B will not appear to be the same distance from the eyes. The greater this 
disparity of images on the two retinae, the greater will be the apparent 
differences in distances of points A and B. 


It may be argued that a cue as to distance is obtained because of 


the fact that one point is brought to a sharp focus on the retina while > 


the other is not. This is not disputed but the same effect may be obtained 
on stereoscopic views where all points may be brought to approximately 
the same distinctness of focus. 


To obtain the effect of depth it is only necessary to construct a 
similar design for each eye such that the points will fall in the same 
position on the retina as they do when the points actually exist in space. 
These points are represented by i, j, k, and 1 on the card represented by 
the line PP’. The views of the right and left eyes are limited so that 
the right eye sees only k and | while the left eye sees i and j. Where the 
distance ik — jl the points A and B will appear equidistant. To increase 
the apparent distance of B it is only necessary to increase the distance jl 
on the stereoscopic view by changing the position of j or 1 or both. 


Increasing the distance jl increases the disparity of images on the 
two retinae and the apparent difference in the distance of A and B. 
Trigonometric calculations, for which there is not room here, will enable 
one to obtain any desired effect of distance due to the disparity of 
images on the two retinae within predetermined limits. 


Spherical convex lenses of 5.00 diopters are used in some stereo- 
scopes to bring the image to a focus on the surface of the retinae with- 
out strain on the intrinsic eye muscles when the image is at a distance 
of 20 cm. 


The smallest difference in distances of A and B which can be 
perceived depends upon the least disparity of images on the two retinae 
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which can be detected. This in turn is probably dependent upon the 
proximity of the receptors in the retina. 


EARL ALLGAIER 

DEPARTMENT OF PSYCHOLOGY 
IOWA STATE COLLEGE 

AMES, IOWA 
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NEGATIVE FUSIONAL CONVERGENCE* 
(A Discussion of the Recent Paper by Dr. Wm. J. Tait)? 


Hammond S. Horton, B.Sc., A.O. 
Cleveland, Ohio 


The recent article in the American Journal of Optometry brought 
up several points which should be discussed in some detail in order to 
clarify a situation which appears to be rather misleading. Such is the 
desire of the writer of this short paper. Several considerations of the 
cases chosen for this work, the methods employed, and some general 
information anent abduction will be included in this paper. 


Let us first consider what type of action we are producing when 
we add base in prisms to the point of diplopia. Primarily we are causing 
the convergence to relax. At six meters I believe that our abduction find- 
ing gives us the amount that the tonus pattern can be changed, the lateral 
recti becoming hypertonic, the medial recti becoming hypotonic. This test 
at the distance position thus gives us an estimate of the amount of 
elasticity which is present in the musculature, and shows beautifully the 
action of the phenomenon of reciprocal innervation. As the medial recti 
lose some of their tonicity, a similar amount is sent to the lateral recti. 
This action which we are inducing is an unnatural one if made to operate 
outside of the position of the patient’s position of rest of the visual axes 
as found in the distance phoria test. 


I do not care for the term Negative Fusional Convergence when it 
is used to imply the diplopia point. The term has enjoyed wide usage. 
However, it appears to me that the use of the term abduction to imply 
the diplopia point as prisms are rotated base in is much more accurate. 
There is an unmistakable action of accommodation in both the abduction 
and the adduction tests. The blur points or relative convergence points, 
both positive and negative, signify the termination of a purely fusional 
type of activity. Therefore, past this point we are out of the range of 
fusional convergence, and into one of a mixed nature. Thus, my reason- 
ing that the term abduction and adduction are not only more adequate, 
but more correct scientifically and less cumbersome and clumsy. 


*Submitted for publication January 13, 1935. 


* An Experimental Investigation of the Negative Fusional Convergence Amplitude. 
W. J. Tait. Am. Jour. of Optom. Vol. 11, No. 12, pp. 462-472. 1934. 
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In regard to the results obtained in our orthoptic work, I can truth- 
fully say that they are very high. Excluding strabismus, and including 
not only convergence relaxation and convergence stimulation, but vertical 
imbalance correction as well, we are at least 95% successful. By that I 
mean that the patient is not only given a normal muscle and innerva- 
tional balance, but negative and positive convergence amplitudes are 
made normal, and the patient comfortable. Normals should be consid- 
ered on an average as follows: 6 meters—abduction 8, adduction 40: 
1/3 meter—abduction 26, adduction 40. In regard to convergence build- 
ing we have been 99% successful. Most patients need in the neighborhood 
of ten treatments of one-half hour duration. Occasionally a patient is 
met in which a long and drawn out course of treatment is needed. They 
are eventually dismissed with a normal amplitude. These particular 
types will average 20 to 25 treatments. 


Our work with abduction has been very successful, although until 
three years ago we were having the same difficulty as mentioned by Dr. 
Tait in regard to the relaxation of some cases presenting a convergence 
tension. Our investigation at that time showed us the reason for our 
failure, which I shall discuss presently. 


Not only do we obtain fine results, but these results are permanent. 
Patients dismissed from treatment three years ago are now found if any- 
thing better than at that time. There have been found reasons for this 
as well. In the relaxation of convergence we hold the patient at a maxi- 
mum for several treatments in succession. In convergence training with 
base out prisms we hold the patient to a toleration of at least 80 prism 
diopters for a period of at least three visits after he has been able to 
reach this point. 

The next point which would naturally arise is the question of in- 
strumentation. I feel that the two most effective instruments for myologic 
training were ignored in the investigative work reported by Doctor Tait. 
There is a great difference in the effectivity of the instruments now 
available for this work. The two which produce the best results in the 
shortest possible time are the Rotoscope and the Squint Korector. I feel 
that the Kratometer which was used in the investigative work could 
have been replaced with one of the other type which are not only more 
effective but a great deal easier on the operator. I do not believe that 
either instrument which I have mentioned would have produced any bet- 
ter results on the three cases of the four which did not respond to 
treatment. That is another story which will be told shortly. 


It is my desire to state at this time that the results desired can be 
obtained, and in a large percentage of our cases, but only, and if 
only the right diagnosis has been made by the operator, and if the 
instrumentation is effective. 

One of the points of interest in regard to our work is the following. 
With the Squint Korector in convergence stimulation if carried to a high 
enough peak, we had no relapses. It was exceptionally effective. In our 
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work with the Rotoscope the patient was made to tolerate 50 prism 
diopters base out. These patients did present relapses for the simple reason 
that this was not high enough for the results to stay put after dismissal. 
A very simple procedure corrected this difficulty. An extra pair of 15 
diopter prisms were added before the patient’s eyes which allowed a 
toleration of 80 prism diopters, and we had no more relapses. These 
extra prisms are now part of the auxiliary equipment with the Rotoscope. 

I am happy to see such a fine approach to the problem and to see 
that real scientific work is being done in some of our schools. It is sadly 
needed. In these institutions we have the men and the facilities to do this 
work, as well as the clinical patients. It is unfortunate that there has not 
peen a greater wealth of information emanating from these houses of 
learning ere this. 

I wish to comment on the selection of the subjects. I can find no 
fault with this, except that three of the four were cases which should 
not have been used in this investigation as they were cases of CONVERG- 
ENCE INSUFFICIENCY. The fourth case was an ideal one for the work, 
and very nice results were obtained as a consequence. It was one in which 
base in treatment WAS needed. 

We cannot merely indiscriminately pick a handful of cases for in- 
vestigative work. We must diagnose them first to see if they fall into the 
category we desire or not. I believe this to be the major mistake of the 
investigative work reported by Doctor Tait. 


CASE ONE—LYLE M. CRUSE, Subyect 


As we have mentioned before, this case should never have been a 
subject for this type of work. However, he will make an admirable sub- 
ject for base out training for convergence insufficiency. Ignoring his 
distance abduction and passing to the near abduction we find that it is 
reduced about ten prism diopters. Please notice the distance and near * 
adductions, however, are 10/7 and 9/7 respectively. There is no converg- 
ence at all. Now, it is not reasonable to suppose that the convergence 
apparatus, being under par so noticeably, would develop a hypertension 
which was not sufficient to be exhibited as an esophoria, but in such a 
degree that there would be a failure to relax completely in an abductive 
test? This is a mild example. We have had some real dandies, in which 
there was 10 diopters of esophoria at distance, and a similar finding at 
near, and in which the abductions were woefully low. The adductions 
were in the neighborhood of 20. This case was still a convergence in- 
sufficiency in spite of all the signs which might lead us astray. 


Contrary to the teachings of the most prevalent educational pro- 
gram today, ‘‘there is such a thing diagnostically as a high duction.”’ 
This program teaches otherwise. THE PRIMARY DIAGNOSTIC SIGN IN 
ALL CASES IS THE DISTANCE ADDUCTION. If it is below 35 to 40, base 
out treatment is indicated, if over that figure, base in is indicated. Other 
findings may influence the diagnosis and method to be employed, but in 
determining the type of treatment to be employed, this simple rule will 
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be accurate and workable. Many will dispute this until it has been tried 
by themselves. It has been tried and proven by us, and by my entire 
research board. There has been too much “‘hocus pocus”’ taught in regard 
to this work. It is in reality relatively simple. Our whole diagnostic 
procedure will have to be ‘‘debunked,’’ and we in our organization have 
exactly that which is necessary to do this. 


To pass back to the first case record, note that 17 treatments were 
given base in to a case in which base in was contra-indicated. No wonder 
there was no desired result. The expansion of the abduction at both 
distances was to the tune of one prism diopter. The adduction was in- 
creased slightly at distance and increased 6 prism diopters at near. This 
would be expected, as there was a greater physiologic activity set up by 
the treatments. However, after 17 treatments we will desire a greater 
improvment than this, as 15 for the near adduction is still woefully 
weak. Now, here is my suggestion. Give this case ten treatments base 
out and as there is developed an ample convergence amplitude of a posi- 
tive nature, it will be found that the abductions or convergence relaxa- 
tions will go to an approximate normal in a reflex fashion. 


I feel that results would be better if the treatment was so consti- 

tuted that the prisms were actually carried to the diplopia point. We thus 

_ are able to obtain the maximum of effort needed, and the urge and effort 
to refuse the images once they have been doubled. 


CASE TWO—ARNOLD C. KNIGHT, Subject 


This subject is essentially the same as the preceding. The same situ- 
ation exists, and the same diagnosis of CONVERGENCE INSUFFICIENCY 
is possible. Therefore, this subject is also out of place in this investigative 
work, but will be admirable in the other type—convergence stimulation. 
.-About the same findings are present with the exception that the distance 
adduction is 20, just double that of case one. However, it is still notice- 
ably below par. The results of base in treatment were similar to that of 
case one as well, there being little improvement in the abductions, but a 
slight improvement in the adduction as a result of the exercise. 


CASE THREE—CHARLES K. DOLAND, Subject 

This subject happens to be the same as the preceding too in that 
he should not have been selected for this work, but should be selected for 
convergence training investigation. This investigation has been already 
carried on by us over the past few years and is available in the text, 
‘“Phoria and Duction Analysis’’ as well as materials in our journals 
under these subjects during this time. However, it will do no harm for 
this work to be done again. 


CASE FOUR—ARTHUR R. NEALE, Subyect 


In this instance it will be noted that the abduction was noticeably 
improved, the toleration being extended from 23/20 to 29/27 at the 
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near testing position. There was no appreciable change in the phoria, 
although there may have been in the total convergence relaxation. 


This patient was one which actually needed base in treatment, and 
as a consequence the abduction was normalized by the base in procedure. 
All subjects used for this investigation should have been of this type. 
Note the fine convergence amplitude—an adduction of 51 for six meters, 
and 42 for near. The general toning up of the convergence apparatus 
was responsible for increasing even this to greater heights. 

The writer desires to add his commendation to the section on 
‘“Theoretical Considerations.’’ Every optometrist should commit this 
material to memory. The average practitioner has too little information 
concerning learning processes, neurology, psychology, neurobiotaxis, and 
psychology at his finger-tips. We must be able to converse freely and 
intelligently in the language of this scientific material. This is actually 
the basis of our meriting cooperation and full recognition from the 
other professions. We will certainly have to earn it, and from what I 
have been able to see, we are still a long way from our goal. 

In this section, however, the concept of the operation of accommo- 
dative and fusional convergence is debatable. Dr. Edwin Tait has un- 
doubtedly followed through investigative work before coming to this 
conclusion. I note that this concept was published in the American 
Journal of Psychology. It would be interesting if this were prepared for 
the Journal carrying this article. In that way it would be brought into 
more wide contact with Optometrists. 

The improvement in the negative fusional convergence is dependent 
upon more than the mere learning process. This. is definitely known. 


There is necessary an unconscious learning process, to be sure, but there 


are different methods of approach to these problems as we have attempted 
to show. The last case was an admirable subject for this type of attack 
used by Doctor Tait, the other three entirely out of place. 

We have also attempted to point out the reason for the improvement 
in the low adductive ability of the first three cases by the base in exer- 
cises. Physiologic activity was improved. I believe that is all. 

In regard to the change of the tonus pattern by prisms, we can 
consider this only in the light of the distance phoria, as there, theoretic- 
ally, the motor muscles are at rest, in a state of minimum innervation, 
with nothing but the tonus flow operative. In the first case there was 
no change in this pattern; in the second it was so slight as to mean 
nothing; the same is true in the third and fourth. The reader is to be 
reminded that as soon as the medial or lateral recti are made to contract, 
tonus is dissipated and the apparatus operates according to Sherrington’s 
great law of reciprocal innervation. 

Fatigue exophoria is undoubtedly met at periodic intervals. If not 
due to over action of accommodation, and if due to low convergence 
power, the proper procedure is not to palliate the condition by base in 
prisms, but to actually provide orthoptically an ample amplitude of 
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positive convergence. The problem is fundamental. We are or should be, 
removing causes of the difficulty. Another fact shown by this work is 
that the near point innervational pattern is easier to change than that 
for distance, because of the fact that this distance balance is dictated 
by the tonus mechanism. The near is not, as long as fixation of any 
object is in operation. 

It is the earnest hope of the writer that this investigative work will 
continue. This material for which the men were seeking in this work 
has already been ascertained by myself and my research board in activity 
covering the past three years. The cases must be properly selected, not 
only as to physical condition, but as to the type of balance presented by 
each. We would most certainly not attempt to get certain results with 
base in treatment in cases badly needing base out procedure. It will be 
found that the negative convergence or abductions on the first three cases 
will improve after proper convergence has been trained. They should be 
carried to a toleration of 80 prism diopters base out, if the newly taught 
convergence amplitude is to remain without relapse. They should pre- 
sent an adduction of at least 45 prism diopters in the conventional tests. 
Most cases will show a concomitant improvement in the low abduc- 
tions; the small percentage which does not can have this tolerance in- 
creased by base in prism treatment after the convergence has been made 
ample. 


Theoretic Considerations of Abduction 


There is apparently a great deal of confusion as to the function of 
abduction. Thus, inasmuch as this paper is a discussion of abduction, it 
is not out of place to continue the discussion somewhat. 

Primarily, the only positive function of the oculo-neuro-myologic 
apparatus, excepting excursions, is that of convergence. When the neuro- 
logical stimulus producing convergence is withdrawn, however slowly, 
there is the relaxation of the convergence muscles, and the return of in- 
nervational stimuli into the abductors, which is equal in amount to that 
released in the adductors. This action operates under the law of reciprocal 
innervation, and in such a fashion that the increase in tension of the 
one is exactly equal and concomitant with the decrease in tension of 
the antagonists. 

Let us consider the ability of the eyes to abduct at distance. We 
know there is a certain play of the mechanism in reciprocal fashion, so 
that our conception of the phenomenon of abducting at this distance may 
be summarized as follows. It is possible for a reciprocal change of the 
distance balance, governed over by the cells of the cortex in the cuneus 
in which the innervation to the abductors, being chiefly of a nature of 
‘‘tonus,’’ can be increased in an amount which is equal to the ability of 
the adductors to relax with fixation maintained at 6 meters. 

With this thought in mind, then, the abduction at this position 
measures the ability of the convergence apparatus to relax the tonus 
which is forced to maintain paralellism of the visual axes. A commen- 
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surate amount of tonicity is diverted to the agonists, in this case the 
abductors. The amount of tonicity lost by the antagonist is gained by 
the agonist so that the resulting action is smooth and easy. We would 
expect but a slight reduction in the positive tonus flow to the adductors 
under the conditions of this test, and such is exactly what we find. The 
normal abduction is in the neighborhood of eight prism diopters. 

In summary, again we will reiterate that the distance abduction 
measures only the ability of this mechanism of tonus and reciprocal in- 
nervation to be controlled and dominated by the act of single, simul- 
taneous, binocular vision. In excursions the act is greatly changed, so 
that there can be no direct comparison of the function of reciprocal 
innervation, and tonus, and the role played by fusion in the dominance 
of these phenomena. 

We will now consider the act ot abduction at 1/3 meter. The sub- 
ject has converged or adducted an amount sufficient to allow single 
binocular vision, i.e., 3 times the pupillary distance in centimeters, or 
better known as the convergence necessary for the testing distance. To 
this must be added the distance exophoria. Therefore, the subject with a 
6 centimeter P.D. who is orthophoric at 6 meters will have had to 
converge 18 prism diopters. We will suppose that he was able to change 
his innervational pattern to the adductors and abductors at distance in 
an amount which enabled an abduction of 8 prism diopters. Then, in 
the near abduction this patient should be able to completely relax this 
entire amount, the convergence necessary to the testing positon, plus the 
distance abduction. As the test is made, the binocular fixation is main- 
tained, and the innervational pattern between the two groups previously 
mentioned changes, to the point at which there is no longer the ability of 
the apparatus to do this with single vision maintained. He should abduct 
the total amount expected of him. Practically there are few cases in which 
this occurs, but there is the normal which we should be striving for, 
which will allow an error of only one or two prism diopters. Thus this 
subject of which we have made an example will be expected to abduct at 
least 24 prism diopters. 

Now, what is going on as this test is conducted? Surely, there is an 
involvement of the accommodative act, and there are certain visual habits 
which will have to be taken into consideration. The area of the range 
of the negative relative convergence which is that abduction up to the 
pronounced blurring of the test characters is, or should be, equal to the 
convergence necessary to the testing distance, 18 prism diopters in this 
case. The accommodative act will be reflexly involved in a differeut 
amount in many subjects, but this will not be such as to change our 
desired normal. We will still shoot at the same star. It is only past the 
position in which the power is past the value just described that there 
will normally be a blur of the test characters. This is to be expected. 
Now, as the operator begins this test, the patient’s innervational pattern 
and activity of the two groups is slowly changed. There is less converg- 
ence necesary and as the innervation becomes less in these muscles, it is 
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correspondingly increased in the abductors. In this case the abductors are 
the agonists, and undergoing a positive contraction process, while the 
adductors are losing their contraction stimuli, chemical action is taking 
place in them to allow relaxation concomitantly, the targets are artificially 
moved to a position of parallelism and then past to the point at which 
fusion can no longer be maintained, This is in effect a measure again of 
the operation of the reciprocity between the two, and exactly what part 
in this act of a modifying or controlling nature was played by fusion. 
If this latter is unable to be maintained to a point at which the desired 
abduction has been found, this may be at fault. If the nervous pattern 
through an imbalanced apparatus, and through the improper functioning 
of the whole apparatus is such that the conditions of normalcy can not 
be fulfilled, then we will find a low abduction. 


Recapitulating again, we are measuring the innervational pattern, 
and, of course, the end result, the diplopia point may be determined by 
habit, by the usual act of nature in which she, herself, attempts to over- 
come an improper situation. 

It is common to find low abductions at near. They are in the main 
fairly good for distance. In convergence insufficiency, excepting the type 
which displays in a consistent fashion the lack of tonicity of the con- 
vergence apparatus, and high abductions at all positions—the condition 
simulating arrested development, we will find that the abduction, par- 
ticularly at near, is low. This is to be expected when we again consider 
that in the average case nature will attempt to overcome a bad situation 
by some sort of protective device, in the case of the convergence insuffi- 
ciency—an actual maintenance of convergence. What particular success 
can we obtain by attempting to overcome this low abductive condition 
when the cause of the tension of these muscles due to a distorted inner- 
vational pattern and a lack of convergence is still present. This is the 
reason for the failure of Dr. Tait to produce a relaxation of abduction 
in the first three subjects reported. 

It has been the experience of the writer that once convergence has 
been trained, the pattern will be restored in such a manner as to actually 
produce ample abductions again. It has even been found true when there 
was a high exophoria at distance and near. If the convergence ts inade- 
quate, this ts the first function which should receive our attention after 
any real ametropic error has been corrected. 


Peculiarly, this condition is found even in functional myopia of a 
certain type and of some types of latent hyperopia in which convergence 
training will actually unlock the latent error, all existing tensions of the 
convergence apparatus being dissipated by this procedure. 


The writer realizes the difficulty in explaining these phenomena, 
but sincerely hopes that the material contained in this short paper will be 
helpful in bringing about the general improved understanding of the 
operation of abduction. It is hoped that the readers will immediately put 
the principles expounded herein to actual practice. In closing, let us add 
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with emphasis—-"A low distance adduction makes all other phoria and 
duction signs secondary—until the adduction is brought to a minimum 
of 40 prism diopters.’’ “‘Other signs are but spurious indications which 


have for their purpose only the confusion of the operator.’’ The last two 
sentences are facts and have been through the fire of three year’s investi- 
gative work and have come through with colors flying. 


DR. HAMMOND Ss. HORTON 
EYE DEPARTMENT 

EAST CLEVELAND HOSPITAL AND CLINIC 
13240 EUCLID AVENUE 

EAST CLEVELAND, OHIO 


PRACTICE AND FATIGUE EFFECTS IN VISUAL 
READJUSTMENT* 


Z. J. Schoen, D.O.S., M.A. 
University 
Virginia 


Although optometrical literature contains censiderable information 
regarding the effects of ocular muscle training, yet the reported mate- 
rial is largely of the clinical record type while controlled investigations 
along these lines are lacking. Moreover, these records deal, quite natural- 
ly, with cases of disturbed or inadequate binocular vision. Hence a 
question suggests itself as to whether it is possible by systematic train- 
ing, to raise the binocular efficiencies of normal individuals. During a 
recent study’ the writer had the opportunity of investigating this prob- 
lem experimentally. Data concerning the effects of practice and fatigue 
upon the speed of visual readjustment were secured for ten subjects 
enjoying normal binocular vision. 


The procedure, described in greater detail elsewhere,‘ consisted 
essentially in adducting, with a prism of eight diopters, one of the two 
eyes, and then measuring the duration of the diplopia caused by removal 
of the prism. The duration of this diplopia, measured in milliseconds, 
was an index of the speed of visual readjustment. Re-establishment of 
single binocular vision following upon the outward rotation of the 
stimulated eye to its proper fixation constituted the act of visual re- 
adjustment. 

Thirty tests, in three series of ten, were given for each eye of every 
subject. The three series were usually given on three successive days; in 
several instances, the second and third series were given on the same day 
but were separated by an interval of at least one-half hour. In no case, 
however, were the first and second series given on the same day. The tests 
alternated from eye to eye in each subject and an average record for each 
double trial was obtained. A short practice session preceded each set of 
tests. It must be noted that the only training in visual readjustment 
under these circumstances occurred in the testing of the act. 


*Submitted for publication February 15, 1935. 

1 Schoen, Z. J., and Scofield, C. F. The relative neuromuscular efficiency of 
the dominant and non-dominant eye in binocular vision. Journal of General Psychol- 
ogy. January, 1935, 
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The results of six hundred tests are graphically portrayed in Figure 
I. Each of the three smoothed curves represents a series of ten double tests 
given to every subject, but all three curves are composite for the ten sub- 
jects and hence each one is representative of two hundred single tests. The 
graph is self-explanatory, but it must be kept in mind that efficiency is 
here gauged by the quickness of the readjustment so that, the shorter the 
diplopia, the more efficient is the readjustment. 
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Composite Graph Showing the Effects of Practice and Fatigue on Efficiency of 
Visual Re-adjustment. 


The average for the two hundred tests in the first series is 907 
milliseconds; the respective averages for an equal number of tests in both 
the second and third series are 787 and 710 milliseconds. The average 
gain in efficiency is greatest, then, between the first and second series. 
However, the third series manifests not only the highest average efficiency 
but likewise contains the high points of individual tests. This is not sur- 
prising in view of the fact that the greatest amount of practice has pre- 
ceded this group of tests. Nevertheless, the form of the curve for this series 
suggests also a cumulative effect of fatigue. 


__ The average gain of the third series over the first amounts to 197 
milliseconds. This increase in efficiency of visual readjustment as a result 
of practice is significant. The improvement, however, may not be entirely 
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of innervational nature (in the sense that more muscle fibres are being 
stimulated and hence the eye readjusts more quickly). For, the act of 
single binocular vision is a central as well as a peripheral process. The 
central mechanism, whatever its nature, allows a certain degree of flexibil- 
ity; for example, fusion may occur if points other than corresponding 
ones are stimulated, provided that the disparity does not exceed certain 
limits. A widening of this range of flexibility may constitute the increase 
in efficiency at the cortical level. At any rate, the possibility of specific 
or general central improvement must not be overlooked. Nevertheless, it 
seems reasonable to suppose that the gain in efficiency is primarily of 
peripheral origin. 


Summary 


1. Binocular efficiency, of the nature tested, is far below its upper 
limits in individuals possessing normal, codrdinated binocular vision. 


2. This efficiency may be materially raised in these individuals by 
relatively simple training methods, and in a relatively short period of 
time. 

3. There is a possibility that the gain in efficiency may be a cortical 
as well as an ocular phenomenon. 


DR. Z. J. SCHOEN, 
PSYCHOLOGICAL LABORATORY, 
UNIVERSITY OF VIRGINIA, 
UNIVERSITY, VIRGINIA. 
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GLASS 


The discovery of glass has been ascribed both to Egypt and to 
Syria and there is still some doubt as to the locality and date of the 
first glass makers. It is certain, however, that the Egyptians in 1400 B. C.* 
were acquainted with the art of glass making as both magnifying glasses 
and other glass objects, made both with and without molds have been 
found dating from that time. They were also familiar with the technics of 
cutting glass and some of the processes involved in making colored 
glass. It is also fairly well established that the art of glazing pottery 
dates back to around 4000 B. C. 

The Greeks and Romans doubtless learned the art of glass-making 
from the Egyptians, but the glass industry never appeared to thrive in 
Greece, probably because of the excellence of their ceramic ware. The 
Romans, however, acquired considerable skill and were successful in mas- 
tering the technology of colored glass, both clear and opal, although 
they continued for some time to import glassware from Sidon, Tyre 
and Alexandria. The Romans worked with a glass of the soda-lime type. 
The Venetians may be credited with being the first to produce any type 


1 Koch, C. C. Some Early Lenses. Amer. Jour. of Optom. Vol. 10, No. 7, pp. 
263-264. 1933. 
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of commercial glass in such quantities as to make its use general and also 
they seem to be the first to make ophthalmic glass for spectacle use.? 
This Venetion glass is characterized by its great beauty and lightness, 
some very fine pieces having been made during the early thirteenth cen- 
tury. During this century the manufacture of glass spread rapidly 
throughout Europe, the Bohemians and the English developing centers 
for its production. France also produced some rather fine products of 
the glassmaker’s art. The actual making of special ophthalmic glass did 
not develop, however, until much later, and it was probably not until 
the sixteenth century that any definite development came to being in this 
branch of the glass making industry. 

The sources of raw materials available for glass making depend 
to a great extent on the type of glass for which it is intended, since the 
small amount of impurities which can be permitted in better qualities 
of glass excludes a large quantity of material which would otherwise be 
suitable. The following are the more common glass forming materials 
or oxides: silica, boric acid, potassium oxide, and oxides of barium, 
calcium, magnesium, zinc, manganese, lead, aluminum and iron. Silica 
is almost invariably introduced into glass in the form of sand. Deposits 
of sand suitable for glass making are found in many parts of the world. 
The chief requirements for a glass making sand are.a freedom from iron 
and an eveneness of the texture of the grains. 


The standard of quality required in glass to be used for ophthalmic 
purposes is so high that it makes the manufacture of this ophthalmic 
glass a very special process. The glass requires a careful stirring, during 
its entire liquid phase, to produce the necessary homogeneity and even 
then, the makers consider it a good yield to obtain 20 per cent of good 
glass out of each batch made. For the purpose of stirring, a clay paddle 
is introduced into the pot as soon as the original materials have been 
heated and have liquified and the mass is slowly stirred. This stirring 
operation is catried out mechanically. In ophthalmic glass-making it is 
necessary to continue this stirring operation even after the temperature 
begins to fall, until it is no longer possible to continue owing ‘to the 
now high viscosity of the batch. The stirrer is then either removed or 
allowed to remain in the glass near the side of the pot. The rate of 
stirring permissible varies within narrow limits, and has to be regulated 
carefully as the glass cools. At the end of the stirring operation the pot 
is removed from the furnace as quickly as possible and allowed to cool 
rapidly. With some glasses, which tend to devitrify, it is necessary to 
chill the glass by spraying water onto the outside of the pot. When 
sufficiently cold the pot is broken up and the glass carefully examined, 
and those pieces which are considered free from striae and other defects 
being then reheated to the softening point of the glass and moulded into 
rectangular blocks or lenses. The blocks are then annealed and finally 
ground for further inspection. Those which pass this rigid inspection 
are then sent on to the optical laboratories which in turn do the grinding 


and polishing necessary to make these blanks into ophthalmic lenses of 
value to man. —C. C. K. 


2 Haynes, C. K. Spectacles—Legendary and Historical. Amer. Jour. of Optom. 
Vol. 9, No. 1, pp. 8-26. 1932. 
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